Recently accumulated knowledge allows more precise comparison of the structural (and possibly evolutionary) relationships of several different animal rhabdoviruses: vesicular stomatitis virus, rabies virus, Kern Canyon virus, and spring viremia of carp virus.
Based upon these observations, it is suggested that vesicular stomatitis virus may represent the most highly evolved of these rhabdoviruses, whereas spring viremia of carp and Kern Canyon viruses may represent "evolutionary links" between the vesicular stomatitis and rabies virus groups.
In general, a newly discovered virus is classified as a rhabdovirus on the basis of its morphology and ultrastructural features (bullet-shape; helical nucleocapsid surrounded by an envelope with surface projections). Until now, however, division of rhabdoviruses into subgroups has been based principally on their antigenic characteristics. The vesicular stomatitis virus (VSV) subgroup comprises several antigenically related members (VSV Indiana, VSV Argentina, VSV Cocal, VSV Brazil, VSV New Jersey, and possibly Chandipura and Piry viruses), and the subgroup of rabies virus consists of five members (rabies, Mokola, Lagos bat, Kotonkan, and Obodhiang viruses) sharing common antigens. These cross-relationships were established mainly as the result of the study of serological crossreactions between the core proteins of various members of these subgroups (1) (2) (3) (4) , since the envelope antigens were found more distantly related than internal antigens even among members Qf the same subgroup. Further studies indicated that two other animal rhabdoviruses, the Kern Canyon virus (KCV) and the spring viremia of carp virus (SVCV), are immunologically unrelated to either members of VSV or rabies virus subgroups (4, 5) .
The study of the homology of the nucleotide sequences between genomes of various members of the rhabdovirus subgroup indicated that although the nucleotide sequences of the fixed strains of rabies virus were nearly identical, a very low, or barely significant, degree of homology existed between various members of VSV serological subgroups, and as expected, there was no homology between the genomes of rabies virus and SVCV on one hand, and VSV on the other
Recently, advances in the knowledge of the structure of protein composition and other biochemical properties of rhabdoviruses and of their mode of replication in the host cell have indicated that different interrelationships between members of this group of viruses may have to be contemplated. Data presented in this article suggest that these characteristics have to be considered in any meaningful classification of rhabdoviruses.
Analysis of composition of proteins of animal rhabdoviruses revealed the presence in all of them of three major proteins. (i) The G protein (envelope glycoprotein) constitutes the basic unit of surface projections of the virus particles emerging from the lipid-coated membrane protein(s) and is the antigen capable of binding virus neutralizing antibodies and of eliciting their formation (8) (9) (10) . This surface antigen is also responsible for agglutination of erythrocytes by certain rhabdoviruses (11) and for the adsorption of the virus particles onto the surface of the host cells. (ii) The M protein(s) form(s) the envelope membrane surrounding the viral nucleocapsid. ( iii) The N protein is associated with the viral RNA to form the helical nucleoprotein (4, 12, 13) . In addition, all members of the VSV subgroup contain two minor (L and NS) proteins (Fig. la) . The relative proportions of the protein constituents and the molecular size of the structural proteins differ slightly between viruses of the VSV subgroup (14) (15) (16) . In contrast, rabies virus contains in addition to G and N proteins, two membrane proteins (Ml and M2) and no clearly defined minor polypeptides (Fig. lb) . Mokola and Lagos bat viruses, belonging to the rabies subgroup serologically, contain the three major (G, N, and M) and two minor polypeptide components ( Electrophoretic fractionation of polypeptides of five animal rhabdoviruses. All rhabdoviruses were grown in BHK21 cells and purified by the same procedure. The infectious virions were dissociated into polypeptides and fractionated by electrophoresis in sodium dodecyl sulfate-containing polyacrylamide gels. The gels were stained, freed of unbound dye, and scanned for absorbance. The relative positions of the polypeptides in electrophoretograms of different viruses do not strictly correlate with their relative molecular weights, since the conditions of electrophoresis were slightly different in each experiand M); no minor proteins of this virus have yet been identified (Fig. le) . (13, 17, 20, 21) . The biological function(s) of the virus-bound protein kinase and of rhabdovirus protein phosphorylation is not known.
In addition to protein kinase, the members of the VSV subgroup contain a particle-bound RNA-dependent RNA polymerase, transcriptase (22) , which transcribes, both in vivo and in vitro, the viral RNA (the minus-RNA) into a complementary RNA (plus-RNA) (23) (24) (25) (26) . The transcriptase activity seems to be connected with the minor L protein of VSV (26) . KCV contains a similar transcriptase; its specific activity is, however, much lower than that of VSV (27) .
The transcriptase activity bound to SVCV has been found to be even lower than that bound to KCV. The infectivity and transcriptase activity of subviral fractions of members of the VSV subgroup can be restored by combining the template (nucleoprotein) of one virus with the solubilized fraction (containing also the L protein) of another closely In cells exposed to viruses of the VSV subgroup, the events involved in the replication of the virus particles (uncoating of parental virus, transcription of the viral genome, translation of the virus-specific messenger RNA, viral RNA replication, and virus assembly) are confined to the cytoplasm of the host. The replication of these viruses is not affected by inhibitors of DNA synthesis or of DNA transscription, and assembly of infectious VSV proceeds unhindered in the enucleated host cells (28, 29) . Parental rabies virus particles are also uncoated in the cytoplasm of the host cells (K. Hummeler and F. Sokol, unpublished observation), where t The transcriptase activity was assayed at 300 in the presence of actinomycin D (4 gg/ml) in a described cell-free system (27) (P.
Madore, H F. Clark, and F. Sokol, to be published). Activities were compared on the basis of pmol of UTP incorporated per mg of viral protein. Table 2 ) even VSV can become more dependent on host functions through a marked decrease in its transcriptase activity (32) . Such functional modification brings VSV closer to the members of the rabies subgroup. 
